Enhanced gene expression promoted by the quantized folding of pDNA within polyplex micelles.
Selective packaging of plasmid DNA (pDNA) into folded rod or collapsed sphere structures in polyplex micelles was demonstrated by modulating the PLys segment length of poly(ethylene glycol)-block- poly(L-lysine) (PEG-PLys) block catiomers used for micelle formation. The two basic packaging structures correlated well to the integrity of double-stranded DNA contained within the micelles. Rod structures formed by the quantized folding mechanism, which results in dissociation of double-stranded DNA only at each fold. Collapsed sphere structures formed by substantial random disruption of the double-stranded DNA structure. Analysis of gene expression in a cell-free transcription/translation system, cultured cells and also skeletal muscle of mice showed that micelles containing pDNA packaged by quantized folding exhibited higher gene expression than naked pDNA and micelles containing collapsed pDNA. These results indicate that controlled packaging of pDNA into an appropriate structure is critical for achieving effective gene expression. Improved gene transfection and expression resulting from the quantized folding of pDNA within polyplex micelles is promising for application in therapeutic gene delivery systems.